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diamagnetic . , [11] .
Diamagnetic
. :
1.1 ( [1]) $u\in L_{loc}(\mathit{1}\mathrm{R})d$
$\sqrt[\backslash ]{}$











$.:.\backslash \triangle|u|\geq\Re[.(.\mathrm{s}.\mathrm{g}\mathrm{n}u)\triangle u]$ .




$( [_{:}\dot{1},\mathrm{T}\mathrm{h}\mathrm{e}\mathrm{o}\mathrm{r}\mathrm{e}\mathrm{m}\mathrm{X}.\cdot 3])Ak\in C^{1}(\mathbb{R}^{\dot{d}},),$$k^{-}.=,$
$\ldots,$





. $D_{k}$ $D’$ .
$D_{k}T=- \dot{?}\frac{\partial T}{\partial x_{k}}-A_{k}\tau$
. $D^{2}=\Sigma_{k}^{d}=1D_{k}^{2}$ , $u$
.






1.3 ( [2]) $L^{2}(\mathbb{R}^{d})$
$\mathrm{H}$ (1) $f\in D(\mathrm{H})$
$|f|\in D(\mathrm{H}^{\frac{1}{2}})$ ,
(2) $f\in D(\mathrm{H}),$ $g\in D(\mathrm{H}^{\frac{1}{2}})_{z}g\geq 0$
$(\mathrm{H}^{\frac{1}{2}}g,$ $\mathrm{H}\frac{1}{2}|f|)L^{2}(\mathrm{R})d((\mathrm{s}\mathrm{g}\mathrm{n}f)g\leq\Re, \mathrm{H}f)_{L^{2}}(\mathrm{l}\mathrm{R}^{d})$ .
$\mathrm{H}$ [2]
;
1.4 ([2]) $e^{-t\mathrm{H}}$ $\Leftrightarrow \mathrm{H}$
.
– ;
1.5 ( [3]) $L^{2}(\mathbb{R}^{d})$
$\mathrm{H}$ $\mathrm{K}$ – (1) $f\in$
$D(\mathrm{H})$ $|f|\in D(\mathrm{K}^{\frac{1}{2}})$ (2) $f\in D(\mathrm{H}),$ $g\in D(\mathrm{K}^{\frac{1}{2}})_{\mathrm{z}g}\geq 0$
$(\mathrm{K}^{\frac{1}{2}}g,$ $\mathrm{K}^{\frac{1}{2}1f}|)L^{2}(\mathrm{l}\mathrm{R}^{d})g\leq\Re((\mathrm{S}\mathrm{g}\mathrm{n}f),\mathrm{H}f)_{L^{2}(}i\mathrm{R}^{d})$ .
– , $\mathrm{D}\mathrm{i}\mathrm{a}\mathrm{m}\mathrm{a}\mathrm{g}\mathrm{n}\mathrm{e}\mathrm{t}\mathrm{i}\mathrm{c}$
[2] [3] . , Diamagnetic




$f,g\in L^{2}(_{\mathbb{R}^{d}}),t\geq 0$ .
1.7 ([3]) $\mathrm{H}$ $\mathrm{K}$ Diamagnetic $\Leftrightarrow \mathrm{H}$ $\mathrm{K}$ –
.
– [3] - $L^{2}$















$i \frac{\partial}{\partial t}u=-\frac{1}{2}\triangle u$ .
$- \frac{1}{2}\triangle$ , $u_{0}$
, $t$ $u_{t}$ ;
$u_{t}= \exp(-it(-\frac{1}{2}\triangle))u0$ .







. $(-iD_{\mu}\otimes I-A_{\mu}(\rho))^{2}$ $\mu$
, 2 ;










, $(*, \cdot)_{\mathcal{H}},$ $||\cdot||_{\mathcal{H}}$
. . $*$ .
$A$ $D(A)$ . $f\in L^{2}(\mathbb{R}^{d})$ f$\wedge(\check{f})$
$(\text{ _{ ^{ }} ^{ } }),\ovalbox{\tt\small REJECT}...\overline{f}$ .
$\mathcal{W}=L^{2}(\mathbb{R}^{d})\oplus\ldots\oplus L^{2}(\mathbb{R}^{d})$ $\mathcal{F}(\mathcal{W})$
$..\sim’$. $:.d$-.1’. $\cdot$ ..$\cdot$ .... . $\cdot$ . ’.. . $\cdot$ . $\epsilon$
; . $\nu\backslash$ $\sim\ldots$ $\wedge..\cdot$ ; .: .. $l$ .
$\mathcal{F}(\mathcal{W})\equiv\bigoplus_{n=0}^{\infty}\otimes_{S}^{n_{\mathcal{W}_{:}\equiv}}...:.n\bigoplus_{0=}\mathcal{F}_{n}(\infty.\mathcal{W})$ .
$\otimes_{s}^{n}(n\geq 1)$ $n$







([16]) $a(\dagger f),a(f),$ $f\in \mathcal{W}$ , . , $a(\# f)$ ( $a\#$ $a$ $a$ )$\#$









$\Phi,$ $\Psi\in \mathcal{F}^{\infty}(\mathcal{W}),$ $f,g\in \mathcal{W}.\cdot$
:,
$\lambda$
$\mathcal{F}(\mathcal{W})=\{a^{\uparrow\uparrow_{(f}\Omega,\Omega|f\in \mathcal{W},i=1,\ldots,n\geq}(f_{1})\ldots.an)jn,1\}^{-}$ . ”
, $\{\}^{-}$ $\{\}$ $\mathcal{F}(\mathcal{W})$ .
2
. $\mathcal{W}$ $h$ ,
$\{\Gamma(e^{-th})\}_{t}\geq 0$ :
$\mathrm{r}.(e^{-th}:\backslash )a^{\uparrow..\uparrow\Omega}(f_{1})\ldots a(fn)=a^{\uparrow}(^{\wedge}e^{-t}f_{1}h)\ldots a^{\uparrow}(e-thfn\cdot)\Omega,-$
$.\sim.$
. $\Gamma(e^{-th})\Omega=\Omega^{:},$ $f_{j}\in \mathcal{W},j=1,$ $\ldots,,n$ .. $\cdot$:. . $\cdot$ . $\cdot$
Stone $d\Gamma(h)$
; : :.. $-$ :
$e^{-td\Gamma()}h=\Gamma(e^{-th})$ .




$\mathrm{H}_{0}^{P}$ 2 ; $\mathrm{H}_{0}^{P}=d\Gamma(\tilde{\omega})$ .
$I$ 2 $\mathrm{N}_{P}=d\Gamma(I)$
. .. .
$||a(\# f)\Phi||_{\mathcal{F}(}w)\leq||f||w||(\mathrm{N}P+1)^{\frac{1}{2}}\Phi||\mathcal{F}(\mathcal{W})$, $\Phi\in D(\mathrm{N}^{\frac{1}{P2}}),$ $f\in \mathcal{W}$ . $(2.1)$
97
$D(\mathrm{N}^{\frac{1}{P2}})$ $D(a\#(f))$ .
$0$ $\mathcal{F}(\mathcal{W})$ . $d$
$e^{r}\text{ }$ , $e^{r}$ : $\mathbb{R}^{d}arrow \mathbb{R}^{d}(r=1, \ldots, d-1)$
:
$k\cdot e^{r}(k)=0$ , $e^{r}(k)\cdot e^{S}(k)=\delta_{rs}$ , $a.e.k\in \mathbb{R}^{d}$ .




$\mathrm{D}_{n}^{d}=\{f=(f_{1}, \ldots, fd)|\sum_{r=1}^{d}\int_{\mathrm{R}}d|k|n|fr(k)|2dk<\infty\}$ .
$x\in 1\mathrm{R}^{d}$ $0$ $A_{\mu}(x, \mathrm{f})\text{ }$ $\Pi_{\mu}(X, \hat{f})$
;
$A_{\mu}(x,\hat{f})$ $=$ $\frac{1}{\sqrt{2}}\{a^{\uparrow}(\oplus_{r=1}-e_{\mu}\frac{\hat{f}}{\sqrt{\omega}}d1ri\cdot x)e^{-}+a(\oplus_{r=}-1\frac{\hat{f}}{\sqrt{\omega}}de1i\cdot x)e_{\mu}^{r}\},\hat{f}\in \mathrm{D}_{-1}^{1}$,




$\tilde{g}(k)=g(-k)$ . $f$ (2.1) Nelson
([1, Theorem $\mathrm{X}.39],$), $x\in \mathbb{R}^{d}$ $A_{\mu}(x,\hat{f})$ $\Pi_{\mu}(X, \hat{f})$
$\mathcal{F}^{\infty}(\mathcal{W})$ . ,
. CCR $\mathcal{F}^{\infty}(\mathcal{W})$
$[A_{\mu}(X,\hat{f})., \Pi’\nu(_{X},\hat{g})]=i(d_{\mu\nu}\hat{\overline{f}},\hat{g.})_{L(\mathrm{R}}2d),\hat{f}\in \mathrm{D}_{-}^{1}\cap \mathrm{D}^{1},\hat{g}\in 100\mathrm{D}_{1}^{1}\mathrm{D}\mathrm{n}1$ ,
$[A_{\mu}(x,\hat{f}), A_{\nu}(x,\hat{g})]=0,\hat{f},\hat{g}\in \mathrm{D}^{1}-1$
’
$[\Pi_{\mu}(x,\hat{f}),\Pi_{\nu}(x,\hat{g})]=0,\hat{f},\hat{g}\in \mathrm{D}_{1}^{1}$ , $\mu,$ $\nu=1,$ $\ldots,d$ . (2. 2)
98
Pauli-Fierz , $\text{ }$
. ,
$\mathcal{M}$
$\mathcal{M}\equiv L^{2}(\mathrm{l}\mathrm{R})d\otimes \mathcal{F}(\mathcal{W})\cong\int_{\mathrm{R}^{d}}^{\oplus}\mathcal{F}(\mathcal{W})dx$ .
– , . $A_{\mu}(x,\hat{f})$
$\Pi_{\mu}(X, \hat{f})$ Constant Fiber Direct Integral ;
$\int_{1\mathrm{R}}\bigoplus_{d}A(\mu\hat{f}X,)dX\equiv A_{\mu}(\hat{f})$ , $\int_{\mathrm{J}\mathrm{R}^{d}}^{\oplus}\square \mu(x,\hat{f})dX\equiv\Pi_{\mu}(\hat{f})$ .
$\mathcal{F}(\mathcal{W})$ dense 2 ;
$\overline{D}=\mathcal{L}\{a(\# f_{1}e^{-ik}.)\ldots a(\# f_{n}e^{-ik}.)\Psi|f_{j},$ $k_{\mu}f_{j},$ $k2f\mu j\in \mathrm{D}0^{-}d1,$ $\mu=1,$
$\ldots,$
$d$ ,
$j=1,$ $\ldots,$ $n,$ $n\geq 0,$ $\Psi\in c(\mathrm{o}^{\infty}\mathrm{R}\mathrm{J}d)\overline{\otimes}\mathcal{F}^{\infty}(\mathcal{W})\}$ ,
$D=\mathcal{L}\{e^{i\Pi\langle f)}\Psi|f, k_{\mu}f, k_{\mu 0}^{2}f\in \mathrm{D}_{1}-, \mu=1, \ldots, d, \Psi\in c(\mathbb{R})d\overline{\otimes}\mathcal{F}\infty(w)\}d1\infty$ .
$\mathcal{L}$ $\{\}$
$\Pi(f)=\int_{\mathrm{R}^{d}}^{\oplus}\Pi(X,f)dX$ ,
$\Pi(x, f)=\frac{i}{\sqrt{2}}$ { $a\dagger$ (\oplus dr=-llfr $\sqrt$\mbox{\boldmath $\omega$}e-l $-a(\oplus_{r=}^{d-1}1\overline{f}r\sqrt{\omega}^{i}e.)x$ }.
$\Pi(x, f)$ $A(x, f)$ $A(f)$ ;
$A(f)= \int_{\mathrm{R}}^{\bigoplus_{d}}A(_{X,f})d_{X}$ , .
. $\cdot$ .
$A(x, f)= \frac{1}{\sqrt{2}}\{a\dagger(\oplus_{r=1}^{d-}1\frac{f_{r}}{\sqrt{\omega}}e^{-i}.x)+a(\oplus_{r1}^{d-}=1\frac{\overline{f}_{r}}{\sqrt{\omega}}ei\cdot x)\}$ .
$A,$ $\Pi$ $A_{\mu},$ $\Pi_{\nu}$ .
: (1) : $A(x, f),$ $\Pi(x, f)$ $f$ , $A_{\mu}(x,\hat{f})$ ,
$\Pi_{\nu}(x,\hat{f})$ $f$ . (2) : $A(x, f),$ $\square (x, f)$ ,
$A_{\mu}(x,\hat{f}),$ $\Pi(\nu x,\hat{f})$ $f$ ( : )’ . (3)





$[ \Pi(x, f),\square (x,g)]=i_{S}^{\mathrm{G}}\sum_{r=1}(\sqrt{\omega}f_{r}, \sqrt{\omega}g_{r})d-1L^{2}(\mathrm{R}^{d})$
’
$f,g\in \mathrm{D}^{d-}11$ ,
$[A(_{X}, f), \Pi(X,g)]=i\Re\sum_{r=1}^{d-1}(\frac{f_{r}}{\sqrt{\omega}},$ $\sqrt{\omega}g_{r}\mathrm{I}_{L^{2}}(\mathrm{R}^{d})$ ’
$f\in \mathrm{D}_{-1}^{d-1},g\in \mathrm{D}_{1^{-}}d1$
$\mu$
$L^{2}$ - $D_{\mu}$ $D_{\mu}D_{\mu}=\triangle_{\mu},$ $\mu=1,$ $\ldots,$ $d$
. $\triangle_{\mu}\otimes I$ (2.1) ,
$C_{0}^{\infty}(\mathbb{R}^{d})\overline{\otimes}\mathcal{F}^{\infty}(\mathcal{W})$ . , $\overline{\text{ }}$
\triangle \mu \otimes I $|_{\tilde{D}}$
. (2.1) $\text{ }\overline{\text{ }}$ :
$[D_{\mu} \otimes I, A_{\nu}(\hat{f})]=-\Pi_{\nu}(k_{\mu}\frac{\hat{f}}{\omega})$, $\hat{f},$ $k_{\mu}\hat{f}\in \mathrm{D}_{-}11$ ’
$[D_{\mu}\otimes I, \Pi_{\nu}(\hat{f})]=A_{\nu}(k_{\mu}\omega\hat{f}),$ $\cdot.\hat{f},$ $k_{\mu}\hat{f}\in \mathrm{D}_{1}\mathrm{i},$ $\cdot..$ .
$[\triangle_{\mu}\otimes I, A_{\nu}(\hat{f})]=-2\Pi_{\nu}(k_{\mu^{\frac{\hat{f}}{\omega}}})D_{\mu}\otimes I-A\nu(k_{\mu}^{2}\hat{f})$ , $\hat{f},$ $k_{\mu}\hat{f},$ $k^{2}\hat{f}\mu\in \mathrm{D}_{-}^{1}1$ ’
$[\triangle_{\mu}\otimes I, \square _{\nu}(\hat{f})]=2A_{\nu}(k_{\mu}\omega\hat{f})D\otimes\mu-I\Pi\nu(k_{\mu}^{2}\hat{f})$ , $\hat{f},$ $k_{\mu}\hat{f},$ $k_{\mu}2\hat{f}\in \mathrm{D}_{1}1$ ,
$\mu,$ $\nu=1,.\cdots,$ $d$ . (2. 3)







$D(D_{\mu}\otimes I)\supset$ , $D(\triangle_{\mu}\otimes I)\supset D$ .
(2.3) $D$ .
: . $(f, g)_{L^{2}}(\mathrm{J}\mathrm{R}^{d})$ $(f, g)_{2}$ . $f$





$[[D_{\mu}\otimes I, i\Pi(f)], i\Pi(f)]=[.iA(k_{\mu}\omega f), i\Pi(f)]$
$=-i \sum_{r=1}^{d-1}(k)_{2}\mu^{\sqrt{\omega}f_{r},\sqrt{\omega}f_{r}}’$ .
$(i\Pi(f))^{n}c_{0}\infty(\mathbb{R}d)\overline{\otimes}\mathcal{F}^{\infty}(\mathcal{W})\subset\overline{\text{ }}$ (2.3) , $C_{0}^{\infty}(\mathbb{R}^{d})\overline{\otimes}\mathcal{F}^{\infty}(\mathcal{W})$
$(D_{\mu} \otimes I)\sum_{n=0}^{N}\frac{(i\Pi(f))^{n}}{n!}=-\frac{i}{2}\sum_{n=0}^{N-2}\frac{(i\Pi(f))^{n}}{n!}\sum_{r=1}^{-1}(dk_{\mu^{\sqrt{\omega}f\sqrt{\omega}}}r’ fr’)2$
$+ \sum_{n=0}^{-}\frac{(i\Pi(f))^{n}}{n!}iN1A(k_{\mu}\omega‘ f)+\sum_{=n0}N\frac{(i\Pi(f))^{n}}{n!}D_{\mu^{\otimes I}}$. (2. 4)
(2.1) (2.4) $narrow\infty$
$- \frac{i}{2}e^{i\Pi(}\sum_{r=1}^{d1}f)-(k_{\mu}\sqrt{\omega}f_{r}, \sqrt{\omega}fr)_{2}+e^{i\Pi(f)}iA(k_{\mu}\omega f)+e^{i\Pi(f)}D_{\mu}\otimes I$
. $D_{\mu}\otimes I$ $D(D_{\mu}\otimes I)\supset D$
$t$
$D_{\mu} \otimes Ie^{i\Pi(f)}=e^{i\Pi(f)}(D_{\mu}\otimes I+iA(k_{\mu}\omega f’)-\frac{i}{2}\sum_{r=1}^{d1}-(k_{\mu}\sqrt{\omega}f_{r}, \sqrt{\omega}fr)2)(2.5)$
. $D(\triangle_{\mu}\otimes I)\supset.D$
$\triangle_{\mu}\otimes Ie^{i\Pi(f)}=e^{i\Pi(f)}(D_{\mu}\otimes I+iA(k_{\mu}\omega f)-’\frac{i}{2}\sum_{r=1}^{d1}-(k_{\mu}\sqrt{\omega}f_{r}, \sqrt{\omega}fr)_{2}\mathrm{I}2(2.6)$
(2.5), (2.6) $C_{0}^{\infty}(\mathit{1}\mathrm{R}^{d})\overline{\otimes}\mathcal{F}^{\infty}(\mathcal{W})$ .
. $\Pi_{\mu}(\hat{f})$ $f$ $f$
. $\Pi_{\mu}(\hat{f})=\Pi(e_{\mu}^{r}\hat{f})$ . , (2.4) 4
. (2.5) (2.6)
$A(g)e^{i} \Pi(f)=-e^{i\Pi(f)}\Re\sum^{-}d1r=1(\frac{g_{r}}{\sqrt{\omega}},$ $\sqrt{\omega}f_{r})_{2^{+(g}}e^{i}A)\Pi(f)$ ,





$A=D_{\mu} \otimes I+iA(k\omega g)\mu-\frac{i}{2}\sum_{=r1}^{d1}(-k_{\mu}\sqrt{\omega}g_{r}, \sqrt{\omega}gr)2$
’
$B= \Pi_{\nu}(\hat{f})-\alpha Sdr=1\sum^{-}(\sqrt{\omega}^{r}1e\nu\hat{f}, \sqrt{\omega}g_{r})_{2}$ .
$[A^{2},B]=2[A, \beta]A+[A, [A,B]]$
$[A, B]=[D_{\mu}\otimes I, \Pi\nu(\hat{f})]+[iA(k_{\mu}\omega g), \Pi_{\nu}(\hat{f})]$ ,
$=A_{\nu}(k_{\mu} \omega\hat{f})-\Re^{d}r=1\sum^{-1}(\frac{k_{\mu}\omega g_{r}}{\sqrt{\omega}},$ $\sqrt{\omega}e_{\nu}^{r}\hat{f}\mathrm{I}_{2}$
$[A^{2}, B]$ $=2[A, B]A+[D_{\mu}\otimes I, A_{\nu}(k_{\mu}\omega\hat{f})]+[iA(k_{\mu}\omega g), A_{\nu}(k_{\mu}\omega\hat{f})]$
$=2(A_{\nu}(k_{\mu} \omega\hat{f})-\Re\sum d-1r=1(\frac{k_{\mu}\omega g_{r}}{\sqrt{\omega}},$ $\sqrt{\omega}e_{\nu}^{r}\hat{f}\mathrm{I}_{2})A$
$- \Pi_{\nu}(k_{\mu}2\hat{f})-\infty S\sum_{r=1}^{d1}-(\frac{k_{\mu}\omega g_{r}}{\sqrt{\omega}},$ $\frac{k_{\mu}\omega e_{\nu}^{r}\hat{f}}{\sqrt{\omega}})_{2}$ .
(2.5) $C_{0}^{\infty}(\mathbb{R}^{d})\overline{\otimes}\mathcal{F}^{\infty}(\mathcal{W})$
$(2A_{\nu}(k_{\mu}\omega\hat{f})D_{\mu}\otimes I-\Pi_{\nu}(k_{\mu}^{2}\hat{f}))e^{i\Pi}(g)$




$- \infty s\sum_{r1}^{1}d-=(\frac{k_{\mu}\omega g_{r}}{\sqrt{\omega}},$ $\frac{k_{\mu}\omega e_{\nu}^{r}f}{\sqrt{\omega}})_{9}=\infty S\sum_{=r1}^{d-}(k^{2}\hat{f},$
$\sqrt{\omega}gr1\mu^{\sqrt{\omega}})_{2}$
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$[\triangle_{\mu}, \square _{\nu}(\hat{f})]e^{i\Pi()}g=.(2A_{\nu}(k_{\mu}\omega\hat{f})D_{\mu}\otimes I-\Pi_{\nu}(k^{2}\hat{f}\mu))e^{i}g\Pi()$
. $\cdot$ .-. $l$ .-... $-$ , $*$ . $\cdot$ ..
$D\supset C_{0}^{\infty}(\mathbb{R}^{d})\overline{\otimes}\mathcal{F}^{\infty}(\mathcal{W})$ 2.1 $D$ \triangle \otimes I
.
2.2 $f$
$k_{\mu}\hat{f}\in \mathrm{D}_{-1}^{1}$ , $\hat{f}\in \mathrm{D}_{-1}^{1}$ , $\frac{\hat{f}}{k_{\mu}}\in.\mathrm{D}_{-1}^{\iota}:$ .
$D$ )
$\exp(i\Pi_{\mu}(\frac{\hat{f}}{k_{\mu}\omega})\mathrm{I}(-\triangle_{\mu}\otimes I)\exp(-i\square .(\mu\frac{\hat{f}}{k_{\mu}\omega})\mathrm{I}$ $=(-iD_{\mu}\otimes I-A_{\mu}(\hat{f}))2$ ,
$\mu=1,$
$\ldots,$
$d$ . (2. 7)










$e^{i\Pi_{\mu}(\frac{\hat{f}}{k_{\mu}\omega}}e)i\Pi(g)\Psi=ei\Pi(h_{\mu})\alpha d- 1r\dot{L}\sqrt{\omega}e^{-\frac{i}{2}}\mu ds\Sigma_{\gamma=}1(e_{\mu\overline{k}}-,\sqrt{\omega}gr)L2(_{1}\mathrm{R})\Psi$ ,
,
$h_{\mu,r}= \frac{e_{\mu}^{r}\hat{f}}{k_{\mu}\omega}+g_{r}$ , $r=1,$ $\ldots,$ $d-1$ , $\Psi\in C_{0}^{\infty}(_{\mathbb{R})(\mathcal{W})}d\overline{\otimes}\mathcal{F}^{\infty}-$ .
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$e^{i\Pi_{\mu}(_{k_{\mu}\omega}}\perp^{\wedge}$ )




2.3 $f$ $k_{\mu}\hat{f},\hat{f},\hat{f}/k_{\mu}\in \mathrm{D}_{-1}^{1}$ .
$\mathcal{U}_{\mu}(f)=\exp(i\Pi_{\mu}(_{k^{\wedge}}\perp_{\mu})\omega)$ $D(\mathrm{H}_{\mu}(f))$ $D(- \frac{1}{2}\triangle_{\mu}\otimes I)$ ;
$\mathcal{U}_{\mu}(f)(-\frac{1}{2}\triangle_{\mu}\otimes I)\mathcal{U}(\mu f)-1=\mathrm{H}_{\mu}(f)$ , $\mu=1,$ $\ldots,$ $d$ .
2.2 . $\mathrm{D}\mathrm{I}\mathrm{A}\mathrm{M}\mathrm{A}\mathrm{G}\mathrm{N}\mathrm{E}\mathrm{T}\mathrm{I}\mathrm{C}_{\backslash }$
, $\mathrm{P}\mathrm{a}\mathrm{u}\mathrm{l}\mathrm{i}- \mathrm{F}\mathrm{i}\mathrm{e}\mathrm{r}\mathrm{z}^{1}$ .
Diamagnetic . \rho
$k_{\mu}\hat{\rho},\hat{\rho},\hat{\rho}/!k_{\mu}\in \mathrm{D}_{-1}^{1},$ $\mu=1,$ $\ldots,$ $d$ , $\mathrm{H}_{\rho}^{P}$
$.\mathcal{M}-$ ;
$\mathrm{H}_{\rho}^{P}=\mathrm{H}_{1}(\rho)\dotplus\ldots\dotplus \mathrm{H}d(\rho)\dotplus I\otimes \mathrm{H}^{P}0$
’
$\dotplus$ 2 . 2
dense 2.1
$\mathcal{E}=\bigcap_{j=1}^{d}D(\mathrm{H}j(\rho))\cap D(I\otimes \mathrm{H}_{0}^{P})\supset D\cap D(I\otimes \mathrm{H}_{0}^{P})$,
, $\mathcal{E}$ dense .




$|(F,$ $e^{-t(\mathrm{H}_{\rho}})c)_{\mathcal{M}}P+V\otimes I|\leq(||F||_{\mathcal{F}(\mathcal{W})},$ $e^{-t(}- \frac{1}{2}\Delta+V)||G||_{\mathcal{F}(}\mathcal{W}))_{L^{2}}(\mathrm{R}^{d})$ .
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: 2 Trotter ([17]) 23




$A=( \mathcal{U}_{1}(\rho)e^{-(\frac{-1}{2}}\frac{t}{n}\Delta_{1}\otimes I)\mathcal{U}_{1}(\rho)^{-}1..ud(\rho)e-\frac{t}{n}(\frac{- 1}{2}\Delta d\otimes I)\mathcal{U}_{d}(\rho)^{-1})e-\frac{t}{n}I\otimes \mathrm{H}Pe^{-VI}0\frac{t}{n}\otimes$
. $H\in \mathcal{M}$ $x\in \mathrm{I}\mathrm{R}^{d}$
$||(\mathcal{U}_{\mu}(\rho)H)(x)||_{\mathcal{F}(}\mathcal{W})$
. $=||u_{\mu}(_{X}, \rho)H(_{X)}||\mathcal{F}(\mathcal{W})$
$=||H(x)||_{F(\mathcal{W})}$ . (2. 8)
$.l$ .
, $\mathcal{U}_{\mu}(x, p)$ $x\in \mathbb{R}^{d}$ $\mathcal{F}(\mathcal{W})$
:
$,|$






$(e^{-t(-\frac{1}{2}\Delta} \mu^{\otimes})HI)(X)=\int_{\mathrm{R}}\frac{1}{\sqrt{2\pi t}}e^{\frac{-|x_{\mu^{-}y\mu}|^{2}\backslash }{2t}H}(y)dy,$ $a.e.x\in$. $\mathrm{l}\mathrm{R}^{d},$ $1-\downarrow-\cdot$ $’:,.\iota_{\vee}.\cdot...\mathrm{c}$
:
$||(e^{-t(-\frac{1}{2}\Delta_{\mu}\otimes)}HI)(x)||_{\mathcal{F}(\mathcal{W}}) \leq(e^{-t(-\Delta)}\frac{1}{2}\mu||H(\cdot)||\mathcal{F}(\mathcal{W}))(X)$ , $a.e.x\in \mathbb{R}^{d}(2.9)$
(2.8) (2.9) exp(-t\triangle \mu )
$F,$ $G\in \mathcal{M}$
$|(.F,$ $e^{-}t(\mathrm{H}^{P}+V\otimes I\rho)c)_{\mathcal{M}}|$






$=(||F||\mathcal{F}(\mathcal{W}),$ $e-t(- \frac{1}{2}\Delta+V)||G||\tau(\mathcal{W}))_{L}2(\mathrm{R}^{d})$ .
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2.5 ([11]) $|V| \text{ }-\frac{1}{2}\triangle$ (-form bounde
\epsilon . $\rho$ $k_{\mu}\hat{\rho},\hat{\rho},\hat{\rho}/k_{\mu}\in$
$\mathrm{D}_{-1}^{1},$ $\mu=1,$ $\ldots,$ $d$ , $|V|$ $\mathrm{H}_{\rho}^{P}$ - ,
\epsilon . ’




$V_{-}= \max\{0, -V\}$ .
$V\in P$ 25 $\mathrm{H}_{\rho}^{P}\dotplus V_{+}-V_{-}\mathrm{g}$
.
2.7 ( $[11]\rangle V\in P$ $\rho$ $k_{\mu}\hat{\rho},\hat{\rho},$ $\rho^{\mathrm{A}}/k_{\mu}\in \mathrm{D}_{-1}^{1},$ $\mu=1,$ $\ldots,$ $d$
. 2.4 $\mathrm{H}_{\rho}^{P}+V$ $\mathrm{H}_{\rho}^{P}\dotplus V_{+}-V-$
.
$\sigma(A)$ $A$ . 27 .
2.8 ([11]) $V\in P$ $\rho$ $k_{\mu}\hat{\rho},\hat{\rho},\hat{\rho}/k_{\mu}\in \mathrm{D}_{-1}^{1},$ $\mu=1,$ $\ldots,$ $d$
.
$\inf\sigma(-\frac{1}{2}\triangle V_{+}-V-\mathrm{I}\leq\inf\sigma(\mathrm{H}_{\rho}^{P}\dotplus V+^{-}V-)$ .
2.9 ( [11]) $V\in.P$ $P$
$k_{\mu}\hat{p},\hat{\rho},\hat{\rho}/k_{\mu}\in \mathrm{D}_{-1}^{1}$ ,
$\mu=1,$ $\ldots,$ $d$ f \psi $\in D((-\frac{1}{2}\triangle\dotplus V_{+}-V_{-})^{\frac{1}{2}\mathrm{I}})\psi\geq 0$ $G\in$
$D(\mathrm{H}_{\rho}^{P}\dotplus V_{+^{-}}V-)$ . $||G( \cdot)||\mathcal{F}(\mathcal{W})\in D((-\frac{1}{2}\triangle\dotplus V+^{-}V-)\frac{1}{2})$ .
$\Re((\mathrm{s}\mathrm{g}\mathrm{n}G)\psi, (\mathrm{H}^{P}\rho-\cdot V-\dotplus V_{+})c)_{\mathcal{M}}$
.
$\geq((-\frac{1}{2}\triangle\dotplus V_{+}-\cdot V_{-}\mathrm{I}^{\psi,(}\frac{1}{2}\frac{1}{2}-\triangle.$ $V_{+}- \cdot V_{-\mathrm{I}^{||})}\frac{1}{2}c||_{f}(\mathcal{W})L^{2}(_{\mathrm{R})}d$ ,
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$(\mathrm{s}\mathrm{g}\mathrm{n}G)(_{X)}=$
$\frac{G(x)}{||G(x)||_{\mathcal{F}}(w)},$ $||G(x)||_{\mathcal{F}(\mathcal{W}})\neq 0$ ,
$\sim 0$ , $||G(x)||\mathcal{F}(\mathcal{W})=0$ .
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